Abstract. Drug-resistant Mycobacterium tuberculosis poses a major threat to public health. The present study aimed to investigate the effects of Radix Ranunculi Ternati, Radix Sophorae Flavescentis, Prunella Vulgaris L. and Stellera Chamaejasme L. extracts on cell-mediated immunity in a rat model of tuberculosis (TB) induced by multiple drugresistant bacilli. The bacterium was isolated from patients infected with pulmonary tuberculosis. The immunological response in humans following infection with Mycobacterium tuberculosis involves a number of cytokines, including IFN-γ and IFN-α, which are important for killing intracellular micro-organisms. T helper type 2 (Th2) cells express numerous cytokines, including IL-4 and IL-10, which mainly participate in humoral immunity and induce the phagocytosis of extracellular bacteria and parasites. In the present study, rats were infected with multiple drug-resistant TB (MDR-TB) in order to establish an MDR-TB model. Peripheral blood mononuclear cells (PBMCs) were isolated and cultivated, and the serum levels of IFN-γ, IL-4, IL-10 and IL-12 were examined by ELISA. The mRNA expression levels of certain cytokines in PBMCs were additionally detected using RT-PCR. The serum levels of IFN-γ in the Radix Ranunculi Ternati, Radix Sophorae Flavescentis, Prunella Vulgaris L. and Stellera Chamaejasme L. groups were 2.01±0.73, 1.92±0.56, 1.98±0.67 and 1.94±0.59 pg/ml; IL-4 levels were 6.01±1.46, 6.12±1.35, 6.47±1.46 and 6.15±1.44 pg/ml; IL-10 levels were 12.09±3.07, 12.45±4.01, 12.13±3.43 and 12.54±3.78 pg/ml; and IL-12 levels were 2.99±0.89, 2.75±0.84, 3.02±0.86 and 2.89±0.75 pg/ml, respectively. These differences were significant compared with the model group (P<0.05). RT-PCR analysis revealed a significant increase in the levels of IFN-γ and IL-12, and a significant decrease in the mRNA levels of IL-4 and IL-10 (P<0.05). These results indicated that the extracts of Radix Ranunculi Ternati, Radix Sophorae Flavescentis, Prunella Vulgaris L. and Stellera Chamaejasme L. are capable of enhancing cell-mediated immunity in rats by upregulating the levels of genetic transcription. This may explain the observed therapeutic effect of Chinese herbal medicines in the treatment of MDR-TB.
Introduction
Tuberculosis (TB) is a chronic infectious disease caused by the bacterium Mycobacterium tuberculosis, and it remains a significant public health risk worldwide. The pestilence of TB in the Cosmopolitan population has been eased with the introduction of anti-TB and -HIV drugs during the 1980s (1, 2) . However, the management of TB incidence has become more difficult with the emergence of multiple drug-resistant (MDR) and mycobacterial cell wall-deficient strains. Therefore, there is an urgent need to develop new anti-TB agents that are effective in the treatment of active and latent TB, and MDR-TB. Thus, the identification of potential therapeutic agents to prevent and treat MDR-TB infection by natural drug screening is important. Radix Ranunculi Ternati, Radix Sophorae Flavescentis, Prunella Vulgaris L. and Stellera Chamaejasme L. are common traditional Chinese herbal medicines with heat-clearing and detoxifying effects (3) (4) (5) . In recent years, several studies have demonstrated that these extracts possess anti-Mycobacterium tuberculosis activity in vitro (6) (7) (8) . In the present study, we examined the therapeutic effects of traditional Chinese herbal medicines for the treatment of MDR-TB. The effect of these extracts on cell-mediated immunity in rats was also examined, to provide preliminary data for the clinical application of Chinese herbal medicines in the treatment of MDR-TB.
Materials and methods

Animals.
A total of 60 adult, male Kunming rats weighing 18-22 g were purchased from the Center of Experimental Effect of Chinese herbal medicine extracts on cell-mediated immunity in a rat model of tuberculosis induced by multiple drug-resistant bacilli Animals (Nanjing University, Nanjing, China) and bred in the university facilities. All animal experiments were performed in accordance with the Chinese laws for animal protection and in adherence with the experimental guidelines and procedures approved by the Institutional Animal Care and Use Committee (IACUC) of Nanjing Medical University for the use of laboratory animals (permit number: NJMU 09-1107) and The Ethical Review Committee of Nanjing Medical University for the use of laboratory animals.
MDR-TB models. The rats were randomly divided into six groups, each containing ten rats: The normal group (fed daily on a standard diet); the model group (drenched with 5 ml sodium chloride and then fed on a standard diet); and four groups that were each treated with one of the extracts of Chinese herbal medicines (drenched with 5 ml of extract daily at a concentration of 200 mg/kg, and fed on a standard diet for 4 weeks). The rats were then sacrificed and serum was collected following sterilization (9) . The purified MDR-TB colony was prepared in a 1 mg/ml bacterial suspension with sterile saline. Each rat was injected with 2 ml of suspension via the tail vein (10) .
Preparation of the Chinese herbal medicine extracts.
The extracts of Radix Ranunculi Ter nati, Radix Sophorae Flavescentis, Prunella Vulgaris L. and Stellera Chamaejasme L. were prepared with distilled water. The solvent was reflowed, extracted and filtrated with 20% ethanol to remove any impurities. The extracts were then concentrated and freeze-dried to obtain the ethanol extract (11) .
ELISA analysis. The serum levels of IFN-γ, IL-4, IL-10 and IL-12 were quantified using the double antibody sandwich ELISA kit (Jingmei Biotech, Co., Ltd., Shenzhen, Guangdong, China). The assay was performed according to the manufacturer's instructions. Briefly, 150 µl sample was added to microtiter plates, which were coated with the respective monoclonal antibody. The reaction plate was then mixed at 37˚C for 120 min to fully integrate the antigen and antibody. Following washing, streptavidin antibody fluid labeled with 100 µl horseradish peroxidase was kept at 37˚C for 60 min and added to 100 µl o-phenylenediamine dihydrochloride at 37˚C for 5-10 min in the dark. The optical density was measured at a wavelength of 492 nm using an ELISA microplate reader (Bio-Tek Instruments, Inc., Winooski, VT, USA). The serum concentrations were calculated and expressed as pg/ml.
Isolation and culture of PBMCs. The animals were sacrificed following the removal of blood from the femoral artery. PBMCs were isolated by density gradient centrifugation. The cells were routinely grown in RPMI-1640 medium supplemented with 10% FBS, 50 U/ml penicillin and 50 mg/ml streptomycin. Following resuspension, 0.5 ml cell suspension was plated out in 24-well culture plates at a density of 1x10 6 cells/ml and cells were cultured in an incubator at 37˚C and 5% CO 2 . The medium was cultivated after 24 h.
Primer construction. The primer sequences used in the study were as follows: IFN-γ forward, 5'-ACAATGAACGCT ACACACTGC-3' and reverse, 5'-CGAATCAGCAGCGA CTCCTT-3', product size 456 bp; IL-12 forward, 5'-GCTAACCATCTCCTGGTTTGC-3' and reverse, 5'-CTTTCCAGAGCCTATGACTCC-3', product size 390 bp; IL-4 forward, 5'-CTCACAGCAACGAAGAACAC-3' and reverse, 5'-GGCTCAGTACTACGAGTAATCC-3', product size 267 bp; IL-10 forward, 5'-CTTTCAAATGAA G GAT CAG C -3' a n d r eve r s e, 5'-AT GT CA A AC TCACTCATGGC-3' , product size 327 bp; and GLS forward, 5'-GGGAAGCTCCATAAATGTCACCT-3' and reverse, 5'-GGTTTAGATCGGCACAT-3' , product size 405 bp. For the housekeeping gene GAPDH, the primers used were forward, 5'-GA AG GT GA AG GT C G GAGT-3' a n d r eve r s e, 5'-GAAGATGGTGATGGGATTTA-3', product size 320 bp. The above primers were synthesized by Sangon Biotech, Co., Ltd. (Shanghai, China).
RT-PCR analysis. Total RNA was isolated from PBMCs using TRIzol (Invitrogen Life Technologies, Carlsbad, CA, USA) according to the manufacturer's instructions, and collected using a one-step method at a concentration of 200 µg/ml. The total volume used for reverse transcription was 50 µl and the procedure was performed using the SYBR-Green PCR kit (Applied Biosystems, Foster City, CA, USA) according to the manufacturer's instructions. The RT-PCR reaction conditions were as follows: RT reaction at 50˚C for 30 min; RTase inactivation at 94˚C for 5 min, 9˚C for 30 sec, 55˚C for 90 sec and 72˚C for 30 sec for 35 cycles in total, followed by maintenance at 72˚C for 10 min. The amplified products (5 µl) were separated by electrophoresis on 1.5% agarose gel, and were then imaged and analyzed using ImageMaster TotalLab software (GE Healthcare Biosciences, Pittsburgh, PA, USA). The ratios of the target genes and the internal reference gene (GAPDH) were used to determine the relative expression levels of the target genes.
Statistical analysis. Data are expressed as the mean ± SD, and were analyzed using SPSS 12.0 software (SPSS, Inc., Chicago, IL, USA). One-way ANOVA was used for statistical analysis to determine differences between groups. P<0.05 was considered to indicate a statistically significant result.
Results
ELISA analysis.
The serum levels of IFN-γ, IL-4, IL-10 and IL-12 were examined using ELISA (Table Ⅰ) . The levels of IFN-γ and IL-12 were significantly decreased in the model group compared with the normal group, and the levels of IL-4 and IL-10 were significantly increased (P<0.01). The levels of IFN-γ, IL-12, IL-4 and IL-10 in the Radix Ranunculi Ternati group demonstrated a significant increase compared with the model group (P<0.05). In the Radix Sophorae Flavescentis group, the levels of IFN-γ and IL-12 were significantly increased (P<0.05), and the levels of IL-4 and IL-10 were significantly decreased compared with the model group (P<0.05). In the Prunella Vulgaris L. group, the levels of IFN-γ, IL-10 and IL-12 were significantly increased compared with the model group (P<0.05); however, no significant changes in IL-4 levels were detected. In the Stellera Chamaejasme L. group, the levels of IL-4, IL-10 and IL-12 were significantly increased (P<0.05) and the levels of IFN-γ were significantly decreased (P<0.05) compared with the model group.
RT-PCR analysis. RT-PCR was used to examine the mRNA expression levels of IFN-γ, IL-4, IL-10 and IL-12 in the PBMCs of rats (Table Ⅱ) . Compared with the normal group, the mRNA levels of IFN-γ and IL-12 were significantly decreased in the model group, and IL-4 and IL-10 levels were significantly increased (P<0.01). The mRNA expression levels of IFN-γ, IL-12, IL-4 and IL-10 in the PBMCs of the Radix Ranunculi Ternati group were significantly increased compared with the model group (P<0.05; Fig. 1 ). The levels of IFN-γ and IL-4 in PBMCs of the Radix Sophorae Flavescentis group were significantly increased (P<0.05), while IL-10 and IL-12 levels were significantly decreased compared with the model group (P<0.05; Fig. 2) . The mRNA expression levels of IFN-γ and IL-12 in the Prunella Vulgaris L. group increased markedly, and the levels of IL-4 and IL-10 decreased significantly compared with the model group (P<0.05); however, no evident change in IL-4 levels were observed (P<0.05; Fig. 3 ). IL-4, IL-10 and IL-12 levels in PBMCs of the Stellera Chamaejasme L. group increased significantly (P<0.05) and IFN-γ levels decreased markedly compared with the model group (P<0.05; Fig. 4) . Granulysin (GLS), a type of polypeptide whose expression is induced by cytotoxic T lymphocytes (CTLs) and natural killer cells during late activation, is capable of killing Mycobacterium tuberculosis. The mRNA expression level of GLS is one of the markers that demonstrates the molecular effectiveness of cells that kill intracellular bacteria. Compared with the model group, the mRNA levels of GLS increased significantly (P<0.05 or P<0.01).
Discussion
Radix Ranunculi Ternati is a prescription medicine that has been reported in the Chinese pharmacopoeia to facilitate detumescence. Radix Ranunculi Ternati may also possess anticancer properties; however, the mechanism by which these effects are exerted has yet to be fully elucidated (12) . Radix Sophorae Flavescentis has diuretic, anti-inflammatory, antiviral, anticancer and antifibrotic properties, and may also be used to treat a number of immunological diseases (13, 14) . Prunella Vulgaris L. has been shown to improve eyesight and eliminate stagnation by partially inhibiting tumor cell proliferation in vivo, and it induces its antitumor effects by regulating several cell signal transduction pathways, which stimulates the activation of macrophages (15) (16) (17) . Stellera Chamaejasme L. possesses antitumor, antiviral and immunological properties (18) .
Mycobacterium tuberculosis undergoes an initial replicative phase inside alveolar macrophages. Following this stage, it then enters a non-replicative, drug-resistant state of dormancy. It is able to survive in this dormant state for decades until the immune system of the host is weakened, at which point the bacterium reactivates and causes the infectious disease. The immunological response to Mycobacterium tuberculosis infection in humans is predominantly mediated by Th1 cells. Th1 cells predominantly secrete IFN-γ and INF-α, which stimulate macrophages to kill intracellular micro-organisms. Th2 cells mainly participate in humoral immunity, and secrete IL-4, IL-10 and several other cytokines that stimulate the phagocytosis of extracellular bacteria and parasites. Mycobacterium tuberculosis is a facultative intracellular bacterium that parasitizes macrophages. The immune response to Mycobacterium tuberculosis infection is mainly exerted by T cells and antigen presentation by MHC class II molecules. It is well known that IFN-γ produced by TB-specific CD4 + T cells (Th1) is able to activate macrophages, secreting IL-12 to promote the differentiation of Th0 cells to Th1 cells, further expanding the Th1 cell immune response. Thus, Th1 cells possess an important anti-TB protective role; however, the cytokines secreted by Th2 cells, including IL-4 and IL-10, are also secreted by Mycobacterium tuberculosis (19) (20) (21) . Therefore, the regulation of immune homeostasis by Th1/Th2 cells may affect the type of immunological response initiated by the body's immune system.
In the present study, we demonstrated that infection with Mycobacterium tuberculosis significantly affects the serum levels of cytokines in rats. The levels of IFN-γ and IL-12 in the model group were markedly decreased and the levels of IL-4 and IL-10 were significantly increased compared woth the normal group (Table I) . Experimental results demonstrated that the occurrence of TB is correlated with the balance of Th1/Th2 cell responses. The four extracts of Chinese herbal medicines used in this study, particularly Radix Ranunculi Ternati, significantly enhanced the cell-mediated immunological response of rats infected by MDR-TB through the adjustment the Th1/Th2 balance. Therefore, these extracts may be important in the treatment of TB.
Furthermore, results of the RT-PCR analysis demonstrated that the mRNA expression levels of IFN-γ, IL-12 and GLS in the PBMCs of MDR-TB-infected rats were significantly increased, and the levels of IL-4 and IL-10 were significantly decreased compared with the normal group (Table II) ; these differences were significant (P<0.05 or P<0.01). The four extracts of Chinese herbal medicines were found to be capable of stimulating the expression of IFN-γ, IL-12 and GLS mRNA and downregulating the expression of IL-4 and IL-10. The results demonstrated the regulation of cellular immunity of the extracts is accomplished at the level of gene transcription. It was also demonstrated that Radix Ranunculi Ternati is able to stimulate the expression of GLS mRNA, thus enhancing the sterilization ability of CTLs, so as to kill Mycobacterium tuberculosis (22) .
In conclusion, appropriate concentrations of the Radix Ranunculi Ternati, Radix Sophorae Flavescentis, Prunella Vulgaris L. and Stellera Chamaejasme L. extracts are capable of enhancing cell-mediated immunity in rats infected by MDR-TB, providing an experimental basis for the clinical treatment of TB using these extracts. However, further research is required with regard to the role of other cytokines.
